Abstract
Introduction
Parkinson disease (PD) is one of the most widespread neurodegenerative disorders with typical motor symptoms and a variety of non-motor symptoms. Rapid eye movement (REM) sleep behavior disorder (RBD) is a common non-motor symptom of PD, which prevalence is from 25% to 60% in PD population [1. Clinically, RBD is characterized by violent dreams and the action out of dream content during REM sleep [2] , which may cause serious injury to both PD patients and their sleep partners. PD patients with RBD is associated with non-tremor-predominant subtype [3] , severer autonomic dysfunctions [4] , depression [3] and hallucinations [4] , implying that PD patients with RBD may have more widespread and different underlying pattern of neurodegeneration. However, few investigations focus on the potential etiology and mechanism of RBD in PD patients.
Increasing studies show excessive iron depositions in substantia nigra (SN) and other nucleus in PD patients [5, 6] . Iron-related neurodegeneration can be attributed for the defects in its metabolism and/or homeostasis and subsequent accumulation in the specific brain regions. For example, the level of transferrin, an iron metabolism-related protein, in brains of PD subjects is remarkably increased comparing with normal control subjects [7] , indicating that abnormal iron metabolism in brain participate in the pathogenesis of PD. However, the levels of iron and related proteins, such as ferritin, in cerebrospinal fluid (CSF) or serum were not different comparing with healthy control subjects reported by previous investigations [8, 9] . Moreover, no study detects the levels of iron and related proteins in CSF and serum in PD patients with RBD, and no investigation focuses on the correlation between RBD and iron metabolism in CSF and serum in PD patients.
Inflammation is a prominent feature of neurodegenerative disorders, which pathophysiologic role in the development and deterioration of PD has recently become a focus of investigation [10] . Inflammation in SN is characterized by over-activation of microglia and plenty of production of inflammatory factors, which causes dopaminergic neuronal death [11, 12] . The dead neurons release cellular content, such as iron, into the extracellular spaces and aggravate inflammation by activating surrounding microglia, then propagate the degeneration of dopaminergic neurons and subsequent deterioration of motor symptoms of PD [13] . Recent studies have demonstrated that inflammation extends beyond SN and is related to non-motor symptoms of PD [14] . Additionally, it has been observed that peripheral inflammation may be relevant to neuroinflammation in brain [15] and play a potential role in the pathogenesis of nonmotor symptoms of PD [16] . However, the role of inflammation in brain and peripheral system on RBD in PD patients remains unclear. Moreover, the relationship between iron and related proteins and inflammation in PD patients with RBD is unknown.
In this study, in PD patients, we assessed probable RBD (PRBD) by RBD Screening Questionnaire (RBDSQ), detected the levels of iron and related proteins, including transferrin, ferritin and lactoferrin, and inflammatory factors, including nitric oxide (NO), hydrogen peroxide (H 2 O 2 ), interleukin (IL)-1β, prostaglandin (PG) E 2 and tumor necrosis factor (TNF) -α in CSF and serum, and analyzed the correlations among RBDSQ score and the levels of above factors, so as to figure out the potential underlying mechanisms of PD with RBD relating iron metabolism and inflammation.
Methods
This study was approved by Beijing Tiantan Hospital review board. Written informed consents were obtained from all participants in this study. PD patients with blood donation histories, systemic diseases, including anemia, hepatosis, heart failure, pulmonary disorders and chronic renal failure were excluded. Female patients who had not been through menopause were not included in this study. PD patients with history of restless leg syndrome (RLS), periodic limb movement disorder (PLMD) and excessive daytime sleepiness (EDS) were excluded.
1.2 Normal control subjects. Total 31 age-matched control subjects were consecutively recruited based on the following criteria: no neurological symptoms and signs; no systemic diseases affecting patients' sleep; no sleep walking history; no epilepsy history; no hallucination and other psychiatric symptoms; no alcohol and drugs abuse; no essential tremor, PD, secondary parkinsonism and Parkinson plus syndrome; no obvious cognitive impairment; no systemic infectious diseases and autoimmune diseases; no intracranial diseases; no dysarthria and mental illness which affect expression, and head MR is normal.
Control subjects with blood donation histories and female controls who had not been through menopause were not included in this study. Control subjects with history of RLS, PLMD and EDS were excluded.
Clinical assessments for PD patients
2.1 RBD. RBDSQ is a self-rating questionnaire with 13 items of clinical characteristics of RBD based on the International Classification of Sleep Disorder-II (ICSD-II) [18] . RBDSQ covers the symptoms of RBD and one item clarifies the presence of any neurological disease [18] . Total 6 points on RBDSQ is the best cut-off value for identifying RBD in PD patients with sensitivity of 0.842 and specificity of 0.962 [19] . PD patients with RBDSQ 6 points and < 6 points were classified into PRBD group and no PRBD (NPRBD) group, respectively. RBD assessment was performed by an interviewer blinded to the patients.
2.2 Demographics information. In PD patients, gender, age, age of onset, disease duration, disease severity and LED were recorded. The severity of PD was assessed by Hoehn-Yahr (H-Y) stage. According to the method for clinical phenotypes classification by Schrag [20] , participants were divided into tremor type, bradykinesia-rigidity type and mixed type of PD. Non-motor symptoms questionnaire (NMS-Quest) is a widely used [16] and self-administered 30-item instrument for screening the presence of an array of non-motor symptoms and calculating the incidence of each non-motor symptom. NMS-Quest is well accepted by PD patients [16] , and detects non-motor symptoms at a higher frequency in PD patients than control subjects.
Collections of CSF and serum
Anti-parkinsonian drugs were withheld for 12-14 hours if patients' condition allowed. Total 3 ml CSF was taken in a polypropylene tube between 7 a.m. and 10 a.m. under fasting condition through lumbar puncture. Total 2 ml venous whole blood was collected. Approximately 0.5 ml volume of CSF and serum were aliquotted into separate Nunc cryotubes and kept frozen at -80°C until ready for assay. Each aliquot dedicated for each measure to avoid freeze-thawing and protein degradation.
Detections of the levels of iron and related proteins in CSF and serum
The levels of iron and related proteins, including transferrin, ferritin and lactoferrin in CSF and serum from PD patients were detected by Enzyme Linked Immunosorbent Assay (ELISA). Ab83366 kit for iron, Ab108911 kit for transferrin, and Ab108837 kit for ferritin were from Abcam Company (Cambridge, United Kindom). E01L0224 kit for lactoferrin was from Shanghai Lanji Biological Limited Company (Shanghai, China).
Detections of the levels of inflammatory factors in CSF and serum
The levels of inflammatory factors, including NO, H 2 O 2 , L-1β, TNF-α and PGE 2 in CSF and serum were detected. The levels of NO and H 2 O 2 were measured by chemical colorimetric method. A012 kit for NO and A064 kit for H 2 O 2 were from Nanjing Jiancheng Biological Engineering Research Institute (Nanjing, China).
The levels of IL-1β, TNF-α and PGE 2 in CSF and serum were measured by ELISA.1R040 kit for IL-1β and 1R350 kit for TNF-α were from RB Company (USA). CSB-E07965h kit for PGE 2 was from CUSABIO Company (Wuhan, China).
Data analyses
Statistical analyses were performed with SPSS Statistics 20.0 (IBM Corporation, New York, USA). P value was statistically significant when it was less than 0.05.
Demographics information was compared between PRBD and NPRBD groups. The levels of iron and related proteins and inflammatory factors in CSF and serum were compared among control, NPRBD and PRBD groups.
Continuous variables, if they were normally distributed, were presented as means ± standard deviations and compared by ANOVA test. Bonferroni correction was performed in further comparisons between two groups. P value was significant when it was < 0.05. Continuous variables, if they were not normally distributed, were presented as median (quartile) and compared by nonparametric test. P value was significant when it was < 0.017(0.05/3) in further comparisons between two groups. Discrete variables were compared by Chi square test.
Pearson correlation analyses were made between RBDSQ score and the levels of iron and related proteins in CSF and serum, between RBDSQ score and the levels of inflammatory factors in CSF and serum, among the levels of iron, tranferrin, NO and IL-1β in CSF and age, age of disease onset, disease duration, score of UPDRS III and total number of NMS, and between the levels of iron and related proteins and inflammatory factors in CSF in PD group.
Multiple linear regression models were established, in which levels of iron and tranferrin in CSF in PD group were set as dependent variables, whereas RBDSQ score, disease duration, H-Y staging, UPDRS III score and total number of NMS were set as independent variables. P value was significant when it was < 0.05.
Results

Incidence of PRBD in PD patients
Sixty-seven of 210 PD patients (31.90%) have PRBD (RBDSQ score6 points). The average RBDSQ score of PRBD and NPRBD groups is 7.99 ± 1.64 and 2.17 ± 1.26 points, respectively. In 67 PD patients with PRBD, 25 patients (37.31%) manifest with PRBD before the onset of motor symptoms.
Demographics information and numbers of nonmotor symptoms between NPRBD and PRBD groups
Demographics information and numbers of non-motor symptoms are compared between NPRBD and PRBD groups (Tables 1, 2 and 3 ). The results show that PRBD group have longer disease duration, more advanced disease stage, higher score of UPDRS III, higher incidence of rigidity-bradykinesia type of PD and more nonmotor symptoms than NPRBD group.
Relationship among PRBD, abnormal iron metabolism and inflammation in brain
3.1 Relationship between PRBD and the levels of iron and related proteins in CSF. The levels of iron, transferrin, ferritin and lactoferrin in CSF are compared among control, NPRBD and PRBD groups ( Table 4 ). The levels of iron and transferrin in CSF in PRBD group are prominently higher than that in control and NPRBD groups. Further analyses demonstrate RBDSQ score increases with the elevated levels of iron (r = 0.343 P = 0.008) and transferrin (r = 0.329, P = 0.009) in CSF in PD group. Ferritin level in CSF in PD group is significantly decreased comparing with control group, however, is not different between PRBD group and NPRBD groups.
3.2 Relationship between PRBD and the levels of inflammatory factors in CSF. The levels of inflammatory factors, including NO, H 2 O 2 , IL-1β, PGE 2 and TNF-α in CSF are compared among control, NPRBD and PRBD groups ( Table 5 ). The elevated levels of NO and IL-1β are found in PRBD group comparing with that in control group. The level of NO in PRBD group is strikingly enhanced comparing with that in NPRBD group. The level of IL-1β in PRBD group is elevated comparing with NPRBD group. Further analysis indicates RBDSQ score increases with the enhanced levels of NO (r = 0.442, P = 0.000) and IL-1β (r = 0.230, P = 0.035) in CSF.
3.3 Relationship between the levels of iron and related proteins and inflammatory factors in CSF. Further analyses indicate that iron level increase with the levels of NO (r = 0.427, P = 0.002) and IL-1β (r = 0.560, P = 0.000) in CSF in PD group.
3.4 Relationship among levels of iron and tranferrin and inflammatory factors in CSF and age, age of disease onset, disease duration, score of UPDRS III and total number of NMS in PD group. Correlation analyses among iron level in CSF and age, age of disease onset, disease duration, score of UPDRS III and total number of NMS show that iron level in CSF is positively correlated with UPDRS III score (r = 0.306, P = 0.044) and total number of NMS (r = 0.280, P = 0.038).
Correlation analyses among transferring level in CSF and age, age of disease onset, disease duration, score of UPDRS III and total number of NMS show that transferrin level in CSF is positively correlated with total number of NMS (r = 0.310, P = 0.018).
Correlation analyses among the levels of inflammatory factors in CSF and age, age of disease onset, disease duration, score of UPDRS III and total number of NMS show no significant correlations. 3.5 Influencing factors of abnormal iron metabolism in PD group. Multiple linear regression model is established, in which iron level in CSF in PD group is set as dependent variable, whereas RBDSQ score, disease duration, H-Y staging, UPDRS III score and total number of NMS were set as independent variables. The results show that RBDSQ score is the only influencing factors for iron level in CSF in PD group (regression coefficient = 0.045, P = 0.017), whereas H-Y staging, UPDRS III score and total number of NMS do not enter the regression equation (S1 Table) .
Another multiple linear regression model is established, in which transferrin level in CSF in PD group is set as dependent variable, whereas RBDSQ score, disease duration, H-Y staging, UPDRS III score and total number of NMS are set as independent variables. RBDSQ score is the only influencing factors for iron level in CSF in PD group (regression coefficient = 0.016, P = 0.038). Although H-Y staging, UPDRS III score and total number of NMS enter the regression equation, they fail to influence transferrin level in CSF in PD group (S2 Table) . 4 . Relationship among PRBD, the levels of iron and related proteins and inflammatory factors in peripheral system 4.1 Relationship between PRBD and the levels of iron and related proteins in serum. The levels of iron, transferrin, ferritin and lactoferrin in serum are compared among control, NPRBD and PRBD groups ( Table 6 ). The data show that transferrin level in serum in NPRBD and PRBD groups is prominently decreased comparing with control group. Moreover, transferrin level in serum in PRBD group is reduced comparing with NPRBD group. Further analyses show no relationship between RBDSQ score and the levels of iron and related proteins (P>0.05).
Relationship between PRBD and the levels of inflammatory factors in serum.
The levels of inflammatory factors, including NO, H 2 O 2 , IL-1β, PGE 2 and TNF-α in serum are compared among control, NPRBD and PRBD groups ( Table 7 ). The elevated levels of IL-1β and PGE 2 in serum are observed in NPRBD and PRBD groups comparing with control group. PGE 2 level in serum in PRBD group is elevated comparing with that in NPRBD group. Further analysis shows RBDSQ score increases with enhanced PGE 2 level (r = 0.306, P = 0.000) in serum in PD group.
4.3 Relationship between the levels of iron and related proteins and inflammatory factors in serum. Correlation analyses are made between the levels of iron and related proteins and inflammatory factors in serum. The data do not indicate any correlation between them (P>0.05). 
Discussion
In the current investigation, 31.90% of total PD patients have PRBD, supporting that RBD is a very common non-motor symptom in PD patients. Twenty-five out of 67 (37.31%) PD patients with PRBD manifest with this special type of sleep disorder prior to the appearance of motor symptoms, illustrating that RBD is one of prodromal symptoms of PD. The diagnosis of RBD requires video-polysomnographic (v-PSG) evidence of the absence of atonia during REM sleep and motor activities according to ICSD-II [18] . In this study, patients were only evaluated by RBDSQ. Although previous studies have proved that RBDSQ has high sensitivity and specificity in identifying RBD in PD patients [19] , the diagnosis in this study is probable RBD, which is not containing v-PSG analysis and results. This limitation may more or less influence the accuracy of the results and decrease the power of the conclusions and speculations. In this study, PD patients with PRBD have more advanced disease stage, severer motor symptoms and more non-motor symptoms, illustrating that these patients exhibit a mode of more serious and widespread neurodegenerative progression. Comparing with patients with tremor type of PD, those who are with rigidity type of PD exhibit severer neuronal loss in the regions that are highly relevant to RBD [2] , such as locus coeruleus [21] , which may partially support our finding indicating that patients with PRBD have higher frequency of rigidity-bradykinesia type of PD.
Abundant evidences indicate that excessive iron accumulation in particular brain regions is one of the underlying mechanisms of PD [21] . In the population recruited in this study, iron levels in CSF in PRBD and NPRBD group are elevated comparing with control group. Moreover, comparing with NPRBD group, iron level in CSF in PRBD group is evidently increased (Table 4) , implying a potential relationship between iron and PRBD in PD patients. In addition, RBDSQ score increases with the elevated iron level in CSF in PD patients, and RBDSQ score is the only factor influencing the change of iron level in CSF in PD patients, suggesting that the appearance of RBD may impact iron accumulation in brain (Result 3.4 and 3.5).
We then investigated the role of the proteins involving iron metabolism on PRBD. The result indicates that transferrin level in CSF in PRBD group is obviously enhanced comparing with NPRBD and control groups (Table 4) . Moreover, RBDSQ score increases with the enhanced transferrin level in CSF in PD patients (Result 3.1), and RBDSQ score is the only factor influencing the change of iron level in CSF in PD patients (Result 3.4 and 3.5). Transferrin is the primary receptor-mediated transporter of iron from peripheral system to CNS across the blood-brain barrier [22] . In brain, iron may be transported by brain-derived transferrin, which delivers iron to neuron and glia via transferrin receptor [23] . We speculated that in the diseased brain, the balance between production of brain-derived transferrin and its clearance may be disturbed. In this study, blood-brain barrier of PRBD group may be more seriously damaged than that of NPRBD group, allowing the entry of transferrin from peripheral system to brain enormously. These results imply that dysregulation of major proteins related to iron metabolism may contribute to the development of PRBD in PD patients.
Ferritin is also a protein relating iron metabolism, and particularly important in iron-storage in brain [24] . In this study, ferritin level in CSF in NPRBD group is significantly lower than that in control group ( Table 4 ), implying that insufficient ferritin is unable to handle the overloaded iron, and thus is associated with PD. However, there is no significant difference about ferritin level in CSF between PRBD and NPRBD groups, and between PRBD and control groups, demonstrating that ferritin may not be a major player for PRBD of PD.
Currently, neuroinflammation featured by microglial activation and related production of inflammatory factors is thought to be the engine driving dopaminergic neuron death [25] . Particularly, neuroinflammatory factors are implicated to interact with the mechanisms of sleep [26] . In a previous animal experiment, IL-1β level was increased in hypothalamus of mice with REM sleep deprivation [27] , implying a potential role of neuroinflammation on sleep disorders. By far, no study focuses on the relationship between neuroinflammation and RBD in PD patients. In this study, the levels of NO and IL-1β in CSF in PRBD group are increased comparing with NPRBD and control groups (Table 5) , and RBDSQ score is increased with the elevated levels of NO and IL-1β in CSF in PD group (Result 3.2). These results indicate a potential role of neuroinflammation on PRBD in PD patients, and NO and IL-1β may be the potential neuroinflammatory indicators for RBD in PD patients.
Peripheral iron is transferred into brain through blood-brain barrier, thus it is possible that peripheral iron may participate in the pathogenesis of PD [28] . Several studies have identified the alterations of iron metabolism-related proteins in peripheral system of PD patients [29] . In this study, the level of transferrin, a main vehicle for iron transport to control the level of free iron [30] , in serum from NPRBD group is significantly decreased comparing with control group (Table 6 ). More importantly, transferrin level in serum in PRBD group is reduced comparing with that in NPRBD and control groups (Table 6 ). Hence, the elevated transferrin level in CSF in PRBD group may be partly due to its entry from peripheral to center systems, a process that highly contributes to iron accumulation in brain.
Peripheral inflammation may be related to neuroinflammation in SN [15] and neuroinflammation in SN may trigger inflammatory responses outside brain [31] . In this study, the levels of IL-1β and PGE 2 in serum in NPRBD and PRBD groups are significantly increased comparing with control group (Table 7) . Based on the fact that IL-1β level in CSF is evidently elevated in PRBD group comparing with control group (Table 5) , we deduce that excessive peripheral IL-1β may enter brain and exacerbate neuroinflammation in PD brains.
Sleep has been found to be correlated with certain inflammatory factors in serum. IL-6 plays a regulatory role on normal sleep [32] . Inflammatory factors, such as PGE 2 and IL-6 in plasma are elevated in healthy volunteers with sleep deprived [33] . In this study, PGE 2 level in serum in PRBD group is enhanced comparing with that in NPRBD and control groups (Table 7) , and RBDSQ score displays a remarkably positive correlation with PGE 2 level in serum in PD group (Result 4.2). These results suggest a potential role of peripheral inflammation on RBD, and PGE 2 may be a potential peripheral indicator for RBD in PD patients.
Previous studies have identified a tight association between inflammation and PD [34] . In an animal study, investigators have observed that microglial activation is associated with increased iron level in SN [35] . Meanwhile, dysregulation of iron may be attributable to the remarkably increased inflammatory factors generated by microglia [36] . In addition, excessive iron accumulation has been shown to lead to dopaminergic neuron death [37] . However, the relationship between inflammation and iron in PD patients with RBD is rarely investigated. In the current study, iron level exhibits positive correlation with the levels of NO and IL-1β in CSF in PD group (Result 4.3), indicating that more microglia may be activated by extensive iron accumulation in brain. As there is a close relationship between PRBD and iron in CSF in PD patients, we hypothesize that the enhanced iron in brain may cause continuous microglial activation and generate overwhelming inflammatory factors, leading to sustained neuronal death in RBD-related brain areas and symptoms of RBD in PD patients.
Moreover, the results show that iron level in CSF is correlated with the UPDRS III score and total number of NMS, and tranferrin level in CSF is correlated with total number of NMS. Thus, the levels of iron and tranferrin in CSF are elevated with the deterioration of motor and nonmotor symptoms in PD patients with PRBD. In PD patients with PRBD, more severe motor symptoms and more NMS are related to PRBD because more iron may accumulate in the brain with the worsening of motor symptoms and occurrence of more NMS. The elevated iron in the brain regions relevant to RBD may activate more microglia and induce severer inflammation, contributing to the degeneration of RBD-related neurons and propagation of RBD. Thus, PD patients with RBD may exhibit a mode of more extensive and severer neurodegenerative process due to the excessive iron accumulation in brain.
The frequency of PRBD in PD patients is 31.90%. PRBD group has longer disease duration, more advanced disease stage, severer motor symptoms, higher incidence of rigidity-bradykinesia type of PD and more non-motor symptoms. Excessively deposited iron is closely associated with PRBD in PD patients. The elevated iron level in the brains of PD patients with PRBD may be due to the translocation of transferrin from peripheral system to brain, causing abnormal iron metabolism. Overloaded iron-mediated neuroinflammation may serve as an underlying mechanism of PRBD in PD patients, and additionally, peripheral inflammation may contribute to the development of PRBD in PD. More severe motor and nonmotor symptoms may contribute to the propagation of RBD in PD patients because of the more extensive iron accumulation. Thus, inhibition of excessive iron-induced inflammation may be a novel target of drug development for PD patients with RBD.
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